Summary. The role of melatonin in pubertal development was assessed in male deer mice (Peromyscus maniculatus bairdii) exposed to photoperiodic and social stimuli. Exogenous melatonin retarded puberty in males reared in a long photoperiod, but was without effect in males reared in short days. Melatonin did not retard pubertal development induced by exposure of short-day males to an adult female. These results suggest that pineal melatonin mediates photoperiodic, but not social, control of pubertal development.
Introduction
The pineal hormone melatonin appears to mediate the photoperiodic regulation of seasonal breeding cycles in adults of several species of mammals. In long-day breeders, removal of the pineal gland usually blocks the inhibition of reproductive function resulting from exposure to short photo¬ periods (Hoffman & Reiter, 1965 ; Farrar & Clarke, 1976 ; Petterborg, Reiter & Brainard, 1981 ). In addition, exogenous administration of melatonin tends to inhibit reproduction in individuals exposed to long days (Rust & Meyer, 1969; Lynch & Epstein, 1976; Johnston & Zucker, 1980; Dark, Johnston, Healy & Zucker, 1983) . Such data suggest that increased, or otherwise altered, secretion of melatonin by the pineal organ is responsible for termination of the reproductive season in long-day breeders.
The pineal system may also play a role in the regulation of pubertal development in mammals. Pinealectomy counters the short-day-induced inhibition of puberty in Djungarian hamsters (Brackmann & Hoffmann, 1977) and white-footed mice (Johnston, Boshes & Zucker, 1982) , and, in both species, subcutaneous implants of melatonin inhibit pubertal development in individuals reared in long days (Brackmann, 1977; Petterborg & Reiter, 1980) . Prairie deer mice (Peromyscus maniculatus), congeneric to white-footed mice (P. leucopus), have proved to be excellent subjects for studies of the environmental regulation of reproductive develop¬ ment, because their development is influenced by at least two classes of stimuli in the external environment : photoperiod and social cues. Pubertal development in male and female deer mice is relatively rapid when they are reared in long photoperiods and relatively slow under the influence of a short-day regimen (Whitsett & Lawton, 1982; Whitsett & Miller, 1982) . Puberty in young males is retarded when they are reared in the presence of an adult male (Bediz & Whitsett, 1979) ; similarly, exposure of young females to adult females retards puberty (Garcia & Whitsett, 1983) . The presence of adult males stimulates puberty in females (Garcia & Whitsett, 1983) , and cohabitation with adult females stimulates development in young males that otherwise would be inhibited by exposure to a short photoperiod (Whitsett & Lawton, 1982) . The present report describes a series of 3 experiments to investigate the possible role of melatonin in the photoperiodic and social regula¬ tion of pubertal development in male deer mice.
General Methods
Care and breeding of the prairie deer mice (Peromyscus maniculatus bairdii) were as described previously (Whitsett, Lawton & Miller, 1984a) , except where noted.
Males were weaned and assigned to treatment groups at 3 weeks of age. Silastic capsules, 10 mm long (Dow Corning, Midland, MI; Males given implants of melatonin had smaller seminal vesicles than did control (unimplanted) mice (33-4 ± 91 compared with 64-4 ± 8-4 mg, respectively; 7/(1,36) = 6-09, < 0-02). Although in the same direction, the difference in testis weights (159-7 + 31-1 and 1911 + 12-1 mg) was not statistically significant [F(l,36) = 3-03, > 005]. Body weight was not influenced by melatonin treatment (15-8 + 0-5 g compared with 16-6 ± 0-3 g in controls: 7/(1,37) = 1-60, > 005), but it was positively correlated with both testis weight (r = 0-49) and seminal vesicle weight (r = 0-35).
Experiment 2
Because the degree of inhibition in males receiving melatonin implants in Exp. 1 was not as great as that usually observed in male deer mice reared under conditions of a short photoperiod (Whitsett et Chronic implants of melatonin retard testicular development in white-footed mice reared in a long photoperiod (Petterborg & Reiter, 1980) ; seminiferous tubule diameter was reduced and spermatogenesis was incomplete when the mice were examined at 6 weeks of age, 3 weeks after implantation of pellets of melatonin embedded in beeswax. Melatonin implants also inhibit puberty in young Djungarian hamsters and do so in a dose-related manner (Brackmann, 1977) . Melatonin-induced inhibition of maturation is seen in pinealectomized and sham-operated Djungarian hamsters (Hoffmann & Kiiderling, 1977) , indicating that the presence of the pineal gland is not necessarily required for the anti-gonadal influence of exogenous melatonin. Thus, evidence from 3 species, including the deer mouse, suggests that pineal melatonin mediates the photoperiodic control of pubertal development and does so, at least in part, by exerting an inhibitory influence.
In addition to its well described inhibitory influence on reproduction, melatonin can also stimulate the reproductive system in certain circumstances. This "progonadal" (Turek et al, 1975) or "counterantigonadotropic" (Reiter, 1980) influence has been described most frequently for hamsters. In a study of Djungarian hamsters held under natural illumination before use in experi¬ ments, the response to melatonin treatment varied with season of the year, yielding results ranging from anti-gonadal to ineffective to pro-gonadal (Hoffmann, 1981) . Hoffmann (1981) has argued that chronic availability of melatonin acts against the influence of the prevailing photoperiod. The direction and magnitude of the influence of exogenous melatonin treatment on reproductive function in golden hamsters appear to depend on an extraordinary variety of physiological, environmental and methodological factors (Reiter, 1980 Exposure to adult females stimulates pubertal development in young male deer mice. Previous data (Whitsett & Lawton, 1982) and the results of Exp. 3 of the present study suggest that a female is a less potent stimulus to male development than is a long photoperiod. These are, however, quite disparate stimuli and other experimental procedures might well erase this apparent difference in potency. For example, the use of a slightly shorter photoperiod (Whitsett et al, 1984b) combined with daily replacement of females might increase the effectiveness of females relative to photo¬ periodic stimulation. In female deer mice, continuous exposure to a single adult male appears to be as effective as exposure to a 15-h photoperiod in stimulating pubertal development (Garcia & Whitsett, 1983) .
As yet, there is little direct evidence regarding the role of the pineal system in the regulation of reproduction by environmental factors other than photoperiod. A small amount of circumstantial evidence suggests pineal involvement in social influences on reproduction. Blinding of an adult rat has no influence on its reproductive condition ; blinding of a young rat produces a slight, but signifi¬ cant, retardation of its reproductive development. Rats that are both blind and anosmic exhibit a dramatic gonadal regression or inhibition of development, in adults and young, respectively; pinealectomy completely reverses this gonadal inhibition (Reiter, Klein & Donofrio, 1969; Reiter et al, 1971 ; Chen & Reiter, 1980) . Perhaps in the rat, as well as in the deer mouse, both photic and social olfactory cues regulate reproduction, although greater experimental contrivance is required to see their joint influence in the rat. The reversal of this influence by removal of the pineal gland certainly implicates this organ as a possible mediator of the synergistic effect of the two types of sensory input in the rat, even though Reiter et al. (1969) regard the pineal enzymic activity data as inconsistent with this view. A link between the olfactory system and the habenulopineal complex has also been postulated on the basis of physiological and anatomical evidence (Miline, Devecerski & Krstic, 1963) .
Experiment 3 was an initial attempt to evaluate the possible role of the pineal system in the social regulation of pubertal development in deer mice. We determined whether administration of melatonin, in a dosage sufficient to block maturation in males reared in a long photoperiod, would nullify the stimulatory influence of exposure to an adult female in males reared in short days. The results indicated that melatonin had no effect on males developing under the influence of female stimulation. This finding constitutes preliminary evidence of a lack of involvement of the pineal gland in the mediation of social influences on pubertal development. Clearly, pineal substances other than melatonin, such as polypeptides, could be involved in mediating the effects of olfactory stimuli. The effect of pinealectomy on the inhibition of maturation in response to intra-sexual social cues needs to be assessed before a role for the pineal in mediating social influences on repro¬ ductive development can be dismissed.
